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ABSTRACT 







Of all tho natural environment* of extraterrestrial space, probably 
the moat hazardous is the radiation to be encountered. The three main 
sources of radiation are galactic cosmic rays. Van Allen belt particles, 
and solar flare particles. Galactic cosmic rays are very high energy 
particles, but since their flux is low, they will not be considered In 
this analysis. The Van Alien belt particles will not be considered, since 
we are specifically Interested in the environment encountered at seme 
distance from earth greater than about fifteen earth radii. Thus, we 
are left with the solar flare as the main contributing source of inten- 
sive radiation. 

Discussed is the solar atmosphere Including tho photosphere, chromo- 
sphere, and corona. Host of the main structures found within these areas 
are mentioned, end some are elaborated on. 

Next are described the various types of solar flares which have be^ 
observed. The problem of cons true ting a solar flare "model" is discuai 
and percentile curves based on presently available data are suggested > 
a solution. These curve# ere drawn for the 99.9 percentile, SO percen 
67 percentile, end 50 percentilo groups. 
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- Probabilities of solar flare occurrence, and methods now being use 
as a.basls' far studies oa solar flare p redicti ng are considered. It 1 
concluded. that even accurate solar flare predictions c a nno t alleviate 
the amooatr of shielding required for a long duration extraterrestrial 

mission. 

* A few of the coNpllcatlone Involved In solar flare shielding cal- 
txt covered, end a possible means of approach to these probl 
is suggested for future extraterrestrial missions. 
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THE SOLAR FLARE ENVIR01WENT 
SUMMARY 


Of all tho natural environments of extra terrestrial apace, probably 
tha most hazardous Is tho radiation to bo encountered. The three main 
sources of radiation are galactic cosmic rays, Van Allen belt particles, 
and solar flaro particles. Galactic cosmic rays arc very high energy 
particles, but sinco their flux is low, they will not be considered in 
this analysis. The Van Allen belt particles will not be corjldered since 
we are specif leal ly Interested in the environment encountered at some 
distance from earth greater than about fifteen earth radii. Thus . we 
are loft with the solar flare at the main contributing source of inten- 
sive radiation. 

Discussed Is the solar atmosphere including the photosphere, chromo- 
sphere, and corona. Most of the main structures found within these areas 
are mentioned, and some arc elaborated on. 

Next arc described the various types of solar flares which have been 
obtorved. The problem of constructing a solar flare "model" is discussed, 
and percentile curves based on presently available data arc suggested as 
a solution. These curves are drawn for the 99.9 percentile, 90 percentile, 
67 porcentilo, and SO percentile groups. 

Probabilities of solar flare occurrence, and methods now being used 
as a basis for studies on solar flaro predicting arc considered. It is 
concluded that oven accurate solar flare predictions cannot alleviate 
the of shielding required for a long duration extraterrestrial 

mission. 

A few of the complications involved in solar flare shielding cal- 
culations aro covered, and a possible means of approach to these problems 
U suggested for future ex. era terrestrial missions. 


I. INTRODUCTION 

One of the many problems which must be coped with before extra- 
terrestrial missions became routine is that of radiation hazards. Even 
though very little is certain about the radiation environment in space 
today - scarcely five years before the first scheduled landing of men 
on the lunar surface - our knowledge has increased by many orders of 


j 


i 


magnitude over what vo even suspected a few years ago. One can only 
hope that this gradient of data collection and Interpretation can bo 
maintained ao that the success of this lunar mission and all succeeding 
extraterrestrial missions may surmount the natural radiation problem. 

The solar flare with its associated proton ovent has been studied 
for only a few years. Before 1956 the main source of particulate radia- 
tion outside the earth's atmosphere was assumed to bo from galactic 
cosmic rays. Theao particles are found to bombard the earth with 
individual energies ranging from a few Kcv up to as much as 10° Bov. 

At several tines during the earlier years, large Increases wore noted 
oq ground-based recorders of the cosmic ray intensity. Theao Increases 
arc now believed to ha**e resulted from solar flare proton events. With 
the advent of high altitude balloons, rocket probes, and satellites, 
much more data have become available about solar flares. 

Flares are usually associated with active centers on the sun. 

These active regions are made up of sunspot groups which are relatively 
dark spots appearing on the photosphere - the visible surface. Sunspots 
are regions of Intensive magnetic fields on the sun. with field intensities 
in the kilogausa range. These regions are cooler than the surrounding 
pbotospberic te mp eratures of about 60D0*K. These cooler temperatures 
are caused by the Impedance of charged particle flow by the Intense 
magnetic fields. The exact mechanisms Involved in the solar proton 
events arc not yet well understood, but n masher of Interesting studies 
are now underway, some of which will be discussed in the following 
sections. 


II. THE SOLAS ATMOSPHERE 

Before proceeding into the actual solar flare environment aodel 
Itself, it might be helpful to Identify ame features and terms used 
in solar studies. The sun la actually a dwarf star which belongs to 
a class common in the galaxies. 

The photosphere Is the visible disk of the sun from which most of 
the electromagnetic radiation Is emitted. Since It Is made up ot an 
opaque gas approximately 350 kilometers In depth, it Is considered a 
part of the solar atmosphere rather Chan the surface of the sun. The 
temperature of the photosphere ranges from about 8000*X at the bottom 
to 6500*1 at the top. The wavelength- intensity curve fits closely 
the curve emitted by a 6000*K black body (Figure l) between wavelengths 
1000 l to 1 cm fl8j. 




FIGURE l. THE SOLAR SPECTRUM AS COMPILED BY 
il. H. MALITSON, FEBRUARY 1963 
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The photosphere when magnified la observed to hav© a granular struc- 
ture rjthcr than a smooth surface. This configuration ** onc 1,101 1 
bright cell-like structures several hundred kilometer* In d tome ter 
separated by darker and cooler area#. The "granules" havo a mean life 
of from three to aiu minutes and are the results of convection In the 
photosphere. 

The chromosphere is the transition region between the 6000*IC photo- 
sphere and *‘ 4 v 2,000,000*11 corona. The chromosphere rises to a height 
of aever. thousand kilometers above the photosphere and la aptcular In 
ap;«aran*. .. The spicules, which appear as bright spikes sticking out of 
the photosphere, arc apparently the result of cool and hot coltmma of 
material Clewing through this region. The spicules are thought to be 
cooler than the surrounding regions. Tito exact manner In Milch this 
region of the solar atmosphere conducts heat to the corona remains to 
be explained. 

The corona, as nentloncd earlier, la the sun* a outermost atmosphere. 
It extends from Just above the chromosphere out beyond the earth’s orbit, 
and; according to seam observations, may not terminate by recombination 
until beyond the orbit of Kara. The temperature of the corona U esti- 
mated as belep about 2 ,000, 000 *X with a variation directly proportional 
to the solar activity. The density of the corona la very tenuous thus 
making the tremendous temperature of little concern in space flight 
engineering. The corona is also the region within which the solar wind 
exists. The solar wind velocities as measured by Mariner EE range from 
200 to 600 kilometers per second with a density of 2 to 20 particles 
per cubic centimeter {!]. 

Filaments and proaincnees are apparently two name* for the woe 
phenomenon. The prominence is observed on the limb against a dark sky 
ml thu s appears bright, whereas the filament is sewn against tbe solar 
disc and appears to be a dark thread across the photosphere. Thu * lec- 
tures arc actually long thin sheets of gas rising above the chromosphere 
to heights of about 40,000 kilometers. 


Solar bursts refer to large Increases In intensity of the radio 
noise emissions from the stm, lasting trtm a few seconds to * few minutes. 
Table I and Figure 2 depict the radio frequency history of a solar fiorc 


Faculac , which aro dark regions appearing on the photosphere and 
extending into tbe chromosphere, are largely associated « l th sunspot 
groups sod exhibit the same variation with solar activity. The bright 
areas, located in the chromosphere, but associated with tbe facuhjc. 
have been called plage regions or floe cull. In general, 
plage will develop rapidly and associated sunspots shortly there- 

after; however, the sunspot will disappear lot* be*cre the plage has com- 
pletely faded out. 








TABLE I 

CHARACTERISTICS OF SOLAR NOISE 


Type 


Identifying 

Characteristics 


Source 

CheractcrUti.ee 


Frequency 
Otaracter Utica 


Ho lab atom 
usually lut- 
ing iron hours 
to days; or 
bursts of — 1 
second dura- 
tion. 


Assumed to be of a non- 
thermal origin, assoc- 
iated with sunspots, 

W R centers," and some- 
times flares. 


Less than — 2S0 Hc/sec 
with bandwidth 1-10 
Hc/sec for bursts and 
10-100 Hc/scc for con- 
tinuum, The Intensity 
st 100 Hc/sec 


Bursts with 
slew drift of 
~ -0.3 Hc/sec 2 
lasting from 
5-10 minutes. 


Source U due to plasma 
oscillations associated 
with flares. Occur- 
rence begins about 
7 minutes after flare. 
The source moves out- 
ward at - 1000 kn/scc. 


Ha inly less than 
150 Hc/sec with the 
bandwidth of about 
2 x 10- 1 of the 
observed frequency. 
Intensity aV 100 Hc/sec 
U usually 


1U ' M " 


Bursts with 
fast drift of 
- 30 Hc/sec 2 
lasting singly 
3-10 sec or in 
group* of 1-5 
minuets. 


Asscmed to be assoc- 
iated with plasma 
oscillation associa- 
ted 5O-60X of the 
time with flares. 
The source has an 
outward velocity of 
— 10 5 km/sec. 


Range*, from > 4000 
Hc/sec to < 10 Hc/sec 
with a bandwidth almost 
equal to the frequency. 
The intensity usually 
U less titan 


10 “ 


PjeSecT 


IV 


Smooth con- 
tlnnm lasting 
from minutes 
to boors. 


Source is due to syn- 
chrotron radiation. 
Occurring 70-801 of 
the time with flares 
at — 15 minutes after 
start. Initial 
source velocity 
ranges fxcm 1-5 x 10 3 
km/sec for about 10 
minutes and then 
source becomes sta- 
tionary. 


Cover the complete radio 
band but vary from burst 
to burst. The bandwidth 
is frequently several 
octaves with Intensities 
from 

10-=° to wr« gffigzy. 



TABLE I (Continued) 


Type 




1 

Smooth con- 
tinuum last- 
ing from 1-2 
minutes. 

Synchrotron radiation 
occurring before the 
maximum of solar 
flares. Tho velocity 
of the sourer la 
~ 5 x 10 3 kn/ioc. 

Frequencies less than 
200 Hc/sec with a band- 
width of several Hc/sec 
at 50-100 Hc/sec. 
Intensities 

in .50 rn ...iB .^tts 

10 “ 10 tr*(c /.<£T 

Hlcro- 

wave 

Continuum and 
bursts last- 
ing 0.5 to 
20 minutes. 

Assumed to be of syn- 
chrotron and possibly 
thormal origin assoc- 
iated about 80Z of 
the time with flares. 

The frequency range is 
"• 1000-20,000 Hc/oac with 
a bandwidth of several 
octaves. The Intensity 
Is usually - 5 x 10” 22 
to 

5 * 10-20 uT(cJb7c) at 

3000 H/oec. 


Of all the previously mentioned structural features of the sun, none 
are as voll known and documented as tho sunspots. Sunspots arc areas of * . 

intensive magnetic fields which inhibit the outward flow of gases In the , 

photosphere. They usually consist of at least one positive pole and at . * 

least one negative pole, but sometimes occur with only one polarity in 
all the spots. Generally, the east-west polarity of the fields places 
one particular pole (either positive or negative) in a given hemisphere 
for each bipolar sunspot group preceding the other pole for all sunspots 
In that hemisphere. In the opposite hemisphere, the polarity la reversed 
for ell bipolar sunspot groups. At sunspot mlnimua, which occurs about 
•very eleven years, this polarity situation reverses for each hemisphere. 

Because these intensive magnetic fields Inhibit plasma flow, sun- 
spots are cooler regions than the surrounding photosphere. Sunspot 
groups can have areas up to .55 percent of the visible solar disk and 
perhaps mors. They consist of a dark center area called an unbra and a 
brighter (but still dark when compered to the photospheric brightness) 
p enu mbra! eras. 
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TUn « to tbm time character Utica normally used to dcicrlbe 
solar (larta: 

(a) the ooaet delay time* the time from maxima optical 
oahiloQ by the flare on the sun to the arrival of 
the first particles at the earth; 

(b) the rise time, defined as the time between the arrival 
of the first flare particles and the time of maxima 

j flux Intensity; 

j 'c) the decay time* or the time retired for the particle 

> flux to decrease from maxima intensity to the normal 

j prcflare background. 

i Each of these three time character U tics my bo applied to individual 

flaxes, or they may be applied to groups of particles, each group having 
a specific energy or energy range for the particles contained therein. 
Regardless of bow they are applied, they vary from flare to flare. 

Flares are observed on the solar surface as being sudden increases 
in light intensity, especially in the % spectral line at 6563 A. They 
are almost always associated with sunspot groups, and are aastmed to 
result from the catastrophic expulsion of high energy particles . 


HI* FLARE NOBEL 


The term "flare model** Is actually a misnomer since each Hare is 
individual in time and energy. There are various aspects which causa 
these differences, some of which will be elaborated on later. Fig- 
ure 3 is a plot of the energy spec trim of three different large flares. 



Normally, the flux of particles over 100 Hev is a fairly asmll 
percentage of the flux of particles over 30 Hev; however, for the 
February 23, 1956 flare, the number of particles whose energies exceeded 
100 Hev was 35 percent of the amber of particles whose energies exceeded 
30 Hev. This ■««« that this particular flare had s large ntsber of high 
energy particles. The ntmber of particles over 10 ^ VR* 1.8 x 10r 
where 1.0 x l0° or over 50 percent were over 30 u July 14, 1959, 

there was a solar flare whose total flux of part ffa energies 

greater io Hev was 7.5 x 10° or over four tim - vreat as the 

flux of the February 23, 1956, event; however, the flu of particles 
with en ergi es over 100 Kev was less than one third of the February 23, 
1959 event. These two flares are examples of high energy flares and 
low energy flares, respectively. The high energy flares appear to have 
lower total amber of particles, but tho energies are m uch higher sad 
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Flm, H (fsrtkWs/cm*) 
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therefore rvtjulr* much thicker shielding. Still a third typo or flare 
U Intermediate bctvwo the July W, 1939 and the Fobruary 23, 1936 type 
flares. This U depicted by tho November 12, I960 flaro. In this flaro, 
the flux of particles vlth energies between - 30 Mov and ~ 68 Hov exceodod 
etcher of the other two flares previously discussed. 

The parameter, P Q , the rigidity of part Icles , U one method by which 
high c-uirgy particles are often classified. P Q U determined by the 
formula 



where 

m - particle relativistic mass 
Uq - particle re«t mass 
C ■ velocity of light 
ze - total chrrge on the particle. 

This formula may be reduced to the form 


*o 


J(E ♦ » n C?)» . (*'*?)* 


where E is the total particle energy. 

In this form, ooe may substitute the particle Hev energy fee E and 
obtain the particle rigidity directly from the particle energy. If E U 
in Hev, the rigidity is given la million volts or Hv. If E Is In Jav, 
then the rigidity U In Bv or billion volts, and ao forth. In each case, 
of course, the term s^C? U the particle rest energy expressed In appro- 
priate units. Table n is a compilation of some flares and their 
respective rigidities by Webber, et at. {2). 
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TABLE II 

INTEGRAL FLUX AT 10, 30, and 100 HEV AND 
CORRESPONDING CHARACTERISTIC RIGIDITY P Q 


Date 

J(> 10 Hev) 

J(> 30 Hev) 
(pro tons fear) 

J(> 100 Hev) 





(Hv) 

2/23/36 

1.8 x 10° 

1.0 x )0* 

3.5 x 10® 

195 

3/11/56 

- 

_ 

_ 

- 

8/3/56 

. 

2.5 x 10 7 

6 x 10° 

144 

11/13/56 

- 

- 

- 

- 

1/20/57 

_ 

2 x 10® 

7 x 10® 

61 

4/3/57 

- 

. 

- 

- 

6/22/57 

- 

- 

- 

- 

7/3/57 

- 

2 x 10 7 

- 

- 

8/9/57 

_ 

1.5 x 10° 

- 

- 

8/29/57 

- 

1.2 x 10° 

3 x 10° 

56 

9/21/57 

- 

1.5 x 10° 

- 

- 

10/20/57 

- 

5 x 10 7 

I x 10 7 

127 

11/4/57 

- 

9 x 10° 

- 

- 

2/9/38 

_ 

1 x 10 7 


m 

3/23/58 

2 x 10° 

2.5 x 10® 

1 x I0 7 

64 

4/10/58 

_ 

5 x 10° 

- 

- 

7/7/58 

1.8 x 10° 

2.5 x 10® 

9 x 10° 

62 

8/16/58 

4 x 10° 

4 x 10 7 

1.6 x 10° 

64 

8/22/38 

8 x 10° 

7 x 10 7 

1.8 x 10° 

56 

8/26/38 

1.5 x 10* 

1.1 x 10® 

2.0 x 10° 

51 

9/22/58 

9 x 10 7 

6 x 10° 

l x 10 s 

50 

3/10/59 

5.5 x l&> ’ 

9.6 x 10® 

8.5 x 10 7 

84 

6/13/59 

- 

8.5 x 10 7 

- 

_ 

7/10/59 

4.5 x 10° 

1.0 x 10* 

1.4 x 10® 

104 

7/14/39 

7.5 x 10° 

1.3 x 10° 

1.0 x 10® 

80 

7/16/59 

3.3 x 10° 

9.1 x 10® 

1.3 x 10° 

105 

8/18/59 

- 

1.8 x 10° 

- 

- 

1/11/60 


4 x 10 s 

_ 


4/1/60 

1.3 x 10 7 

5.0 x 10° 

8.5 x 10 s 

116 

4/3/60 

- 

l.l x 10° 

- 

_ 

4/28/60 

1.3 x 10 7 

5.0 x 10° 

7 x 10 s 

104 

4/29/60 

_ 

7 x 10° 

- 

_ 

3/4/60 

1.2 x 10 7 

6 x 10° 

1.2 x 10° 

127 

5/6/60 

. 

4 x 10° 

. 

„ 

5/13/60 

1.5 x 10 T 

4 x 10° 

4.5 x 10 s 

94 
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TABLE II 

(Continued) 





Date 

JC> 10 Kev) 

J(> 30 Hev) 
(protons /cm?) 

J(> lOOHov) 

Po 







(H v) 

6/1/60 



4 x 10® 




. 

8/12/60 

- 


6 x 10® 


- 


- 

9/3/60 

9 x 

10 7 

3.5 x 10 7 

7 

X 

10° 

127 

9/26/60 

2 x 

10 7 

2.0 x 10° 

1.2 

X 

10® 

73 

11/12/60 

4 x 

10° 

1.3 x 10° 

2.5 

X 

10° 

124 

11/15/60 

2.5 x 

10° 

7,2 x 10° 

1.2 

X 

10° 

114 

11/20/60 

1.4 x 

10° 

4.5 x 10 7 

6 

X 

10° 

110 

7/11/61 

1.7 x 

10 7 

3 x 10° 

2.4 

X 

10® 

81 

7/12/61 

5 x 

10® 

4 x 10 7 

l 

X 

10° 

56 

7/18/61 

1 X 

10® 

3 x 10° 

4 

X 

10 7 

102 

7/20/61 

1.5 x 

10 7 

5 x 10° 

9 

X 

10® 

120 

7/28/61 

5 x 

10 7 

6 x 10° 

l.l 

X 

10° 

121 

11/10/61 

5 x 

ID 7 

6 x ;o° 

1.1 

X 

10° 

121 

2/4/62 

_ 


_ 



10 4 

. 

10/23/62 

6 x 

10® 

1.2 x 10* 

1 

X 

83 



After study leg the various solar flare flux and energy distributions, 
it is apparent that no aodel flare can be derived which will account for 
all the flare spectrum. Possibly the moat reasonable apprcach is to 
derive a *** <■” **envolope M which covers all the flares thus far studied 
and use this for oar extreme design purposes. 

Such a model will necessarily Include a os Klan m flux in each energy 
region studied. The resulting total dose calculated from such a model 
will be high, but the probability of exceeding such a flare spectra* 
will be very low. It is thus suggested that the solar flare model 
adopted be determined directly from data which exist on the presently 
available solar flare spectra. 

Figure 4 represents «t approach to the solar flare energy-flux 
solution. Curve A represents the maximum envelope for all solar flares. 
It is devised by taking the maximum flux in the 10, 30, and 100 Mev 
energy ranges. Although this cur ve represents an Ideal design curve. 

It la obvious from a look at the shielding retired for this flux of 
particles that vehicle protection would be impossible with present day 
shielding characteristics. Almost 5 grams/cm* of shielding U required 
just to reduce the dose to 100 rads. Curve 1 on the ether hand la a 
more realistic approach. This com covers approxlsmtaly 90 percent 
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^s&2?S£S5 r£. 

^•ssrs^^ - ^ «s- 

«*!?5Sr«2 “c^ ?S i“m^rf«“cu^c for fl.re. *.' Mv. 

about 20 rad*. Curve D » • .Si™. r «. arbitrarily chosen to repre- 
2S ST^tJS T n^««; octroi Vhteh .hould b. ovoo con.td.roi. 

„ . - curves u&s Obtained by taking the existing Hare 

<Ute 5?£SX » «“ tb. ««-«-! -2J ; ~r ■ *»• 

JO, and 100 Me* - had the given percentage of flares uad 

the d«olo^nt of . jypi«l «J« iScKu^i^now. 

oro 5 . Ibo «rlte.t .rrlvlng P«tle »« "» » orlglnetc .t .bout 

„a their no* u «. >.r*. 

££«.«££« U not .cvcrely .ff.ctod by the -blent 
solar Mgnetlc field. 

fbe colics usocueod with the- J-JUl- ”S*’ 

«>d the putlcte. the— elve. w »o»tly j>^ q{ r i ilM b.OTptlon — -or— ent 

SKIS STfcve m E *££?.*■ 

:%ss^* iJ.^3S3 SSS* - »«« - '*•“***- 


February 23, 1956 
Hay 10, 1959 
July 10, 1959 
July 16, 1959 
September 3, I960 
Soveabcr 12, I960 
Konreasber IS, I960 
July 12, 1961 
July 18. 1961 
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Thu expanding magnetic field Intensifies the Dorsal f leld^SeMts U * 
the region accepted by the P las« flow utt^hT^uU ^t STS^f 
co«Ic «y Intensity within the region is d«L3 5L to »ta «S2L 
deflection of particles, this phenomenon 

^ IC « - decrease S^L 

found to occur Just before a magnetic .tor*. * 

U ^ cn ^ ev, ending plasma clots] encounters the earth's marnctasoh*™ 
hm is a resulting compression and deformation of the geomagnetic field* 
«W Is also an rahancowt of the earth's rina curr«t ‘ 

lotilrcd particles Hearing into these regions fro* the poles Tho two 
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IV. SOLAR FLARE PROBABILITIES AND PREDICTING 


TVo methods wero used to calculate the probabilities, p, of occur- 
rence of solar flares. One was the standard nf/n t method shown in Fig- 
ure 6. O'- of a total number of days, n t , there were n { occurrences of 

flares who*'' individual total integrated flux exceeded the vertical 
scale. 

The objection to this type of analysis is that the data presently 
available might not warrant this nf/n c relation. The alternative then 
might be to assume a Poisson distribution and choose instead an equa- 
tion used by Dalton [34 J to calculate meteor parameters. 


-t 


V 1 ] 


iOWO/M 6 / (a t - n fV 2 ) 


where 


6 ■ 0 when - 0 

5*1 when Dj ^ 0 

C - confidence that the probability of event occurrence 
per trail Is not greater than p. Here C ■ 1/2. 


Tbareiv.ro, 




l/(n t -nf/2) 


At this point, we notice that flares tend to group themselves. | 

This U to say that, if one fiare occurs, the following few days have I 

a higher probability of fiare occurrence than otherwise. Looking back 
at Table H, we notice In particular August 1958. July 19S9, April I960, 

May 1960, November I960, and July 1961. 
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Long range predicting of the occurrence of solar flares Is one 
of the major undertakings for insuring safety of extra terres trial 
missions. A msaber of studies have been and are being made to 
establish reliable means of predicting solar flare occurrences. Some 
of these studies ind observations VIII now be discussed. 

Zt is generally assisted that solar flares sre associated with 
sunspots which generate at least a part of the energy required for 
the event occurrence. However, there are examples of solar flares 
occurring at oolnts where no sunspots _p pea red to exist. Since these 
occasions are rare, a relatively obvious way of approaching the solar 
flare prediction problem Is to study the sunspots and sunspot groups 
themselves. 

Anderson [33] has pointed out the apparent correlation between 
large pcntnbral areas of sunspots and the subsequent occurrence of a 
solar flare. The criterion which Anderson used was that large unbroken 
penumbra 1 areas must equal or be greater than the area of the July 5, 

1958, pcnumbral region. Be also restricted to two the number of spots 
In a group that could contribute to this criterion. In the three -year 
period studied, out of a total of forty events observed, only two 
occurred outside of a tine period when these large penumbra j. areas 
were observed. Furthermore, it was found that for the events which 
did occur when large pcmmbral areas were observed, none occurred 
before two days after the development of a "critical" pcnumbral a lie. 

The data for this study were collected over a three-year period, which 
Is s very short time when measured In astronomical studies. The next 
solar cycle should provide data on the validity of this theory. 

In addition to the sunspot correlation, it has been observed for 
same time by a cumber of people that the times of nisbnm and m nx imt ra 
solar activity seem to be relatively free from solar flare occurrences. 
Rather, the solar flares tend to occur on the rising or falling slope of 
solar activity. Ouce again, this could be a real effect or it could be 
a coincidence, but if the effect Is real, it may mean that we will per- 
form our manned extraterrestrial - or better, extramagnetospheric - 
missions during sunspot rnsxfim and minimum, and concentrate on earth 
orbiting and urumed ex t rama gnetospheric missions at in-between times. 

Host of the high energy events have also been observed to have had 
their optical flares on tho western limb of the sun. This Is probably 
due to the trajectories followed by the high energy particles. Apparently, 
the path to the earth's orbit is more nearly open to particles originating 
on the vest llab of the sun. 
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A* vu mentioned ear Her, sunspota which have had a previous flare 
are More likely to have another flare than a sunspot with no flare 
history. There is also some evidence to indicate that the first flare 
sight tend to "open* the way for subsequent flares In the Interplanetary 
Medina. For Instance, in a series of flares from the sane region, the 
first lew to clear the way for the following flare or flares. The 
subsequent flare particles tend. then to be Mote intense, as if they were 
frame led along after the primary flare. 

Cuss [6] has performed a study of the distribution of flares which 
produce particles at the earth with heliographic longitude. Hla graph, 
Figure 7, shows that at 90 degrees heliographic longitude there U a 
tremendous Increase in the number of detected events. this U especially 
true with the monitoring o. the high energy particles. 

In still another case, the "seasonal" occurrence of solar flares 
U being studied. In the time periods of December 3 to January 15 and 
Kay 15 to July 8, only one solar particle event has been recorded. 

The only Immediate apparent correlation here U that, during the early 
part of June and December, the earth crosses the sun's equator. It Is 
conceivable that because of the reversal of magnetic poles In the 
opposite hemispheres, a region of magnetic turbulence is established 
so that in that region there Is a dearth of solar flare particles . 

Figure 8 is a graph showing this effect. 

The final program for solar flare prediction of which the author 
la aware is an attempt to correlate solar flares with planetary align- 
ment. If cne could establish that the gravitational effects of the 
planets do significantly perturb the innermost reaches of the sun, 
then one might imagine that solar flares could be correlated with 
planetary alignments. 

Wh en all of these theories and study results ore combined, it 
develops that mission* should be planned for December or Kay Just after 
the 90 degree hellographic meridian has passed behind the limb, during 
a time when there are no sunspots with large unbroken penombral areas 
(or if there are, they should not be located on the west limb), at a 
time of max first or min imam solar activity, and when the planets are 
evenly distributed around the sun. 

The serious problem develops when one considers extraterrestrial 
planned for the next ten years. These mission* will be 
extremely limited if the mission lengths have to ba restricted to 
times when solar flares are unlikely to occur. This throws the main 
burden of protection right back on the radiation shielding oqrioyed. 
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neutron * monitor rot* inertase, Indicating the prtstnc* of a significant number of 
particles with kinetic energy greater than about 500 mev. Light lines are used to 
separate Individual events and heavy lines to separate Individual active regions. 




V. OOHS DERATIONS FOR SOLAR FLARE SHIELDING 




In performing ah folding calculations , one should first establish 
the amount of radiation which might bo called the maxima allowable. 

To specify a ahtoldlng crlt .on for the human organism, wo specify an 
ID 50, or the dose In rads which would be lethal to SO percent of cho 
population In 30 days. The LD S0 for a skin dose Is generally considered 
to be about 500 reds distributed evenly over the whole body. When 
speaking of organs of the body, one spec if lea the LOgo as the radiation 
doso which will cause the specific organ to cease functioning in 50 per- 
cent of the population. For the blood-forming organs, this point Is 
200 rads, and for the eyes, the dosage is often considered to be 100 rads. 

The difference hero comes from the fact »hat the cells of certain 
organs are essentially irreplaceable. The cellular structures within 
the eye are good examples of this; thus, vc say that the relative 
biological effectiveness, RBE, for the eyes is large. On the other 
hand, the RBE for the extremities, hands and feet, is low. 

The following table is a compilation by Tobias [L9] of the expected 
effects of human acute whole-body radiation exposure given in roentgens. 


TABLE V 


Probable Effect 


No obvious effect, except possibly minor blood changes. 

Vomiting and nausea /for about 1 day in 5 to 10 percent 
of exposed personnel. Fatigue, but no serious disability. 

Vomiting and nausea for about 1 day, followed by otlwr 
symptoms of radiation sickness, in about SO percent of 
personnel. No deaths anticipated. 

Vomiting and nausea In nearly all personnel on the 
first day, followed by other symptom of radiation 
sickness. About 20 percent deaths within 2 to 6 weeks 
after exposure; survivors convalesce for about 3 months. 

Vomiting and nausea in all personnel on the first day, 
followed by other symptoms of radiation sickness. 

About SO percent deaths within 1 month; survivors 
convalesce for about 6 months. 
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Acute Dose 
(Roentgens) 

0-50 

80-120 

130-170 

270-330 

400-500 







TABLE V (Continued) 


Acute Dose 

S*°***tSF**) 

550-750 


Probable Effect 

Vomiting and nausea In *11 n-rsonnol with in A hours 
of exposure, followed by other s yap touts of radiation 
sickness. Op to 100 percent deaths. Any survivors 
convalesce for about 6 months. 


5000 


Vomiting and nausea In all personnel within 1 to 2 
hours. Probably no survivors from radiation sickness. 


Incapacitation almost immediately, 
personnel within one week. 


Fatal to all 


Another term, other than KBE, which is normally used to express 
the amount of radiation Imposed upon a structure is the LET. The LET 
or linear energy transfer is a measure of the amount of energy trans- 
ferred from the radiating particle to the irradiated material as the 
particle passes through a standard thickness. The LET value then varies 
with material irradiated, the radiating particle's energy, and the atomic 
maber of the radiating particle. 

The following table defines some of the terms normally used in 
radiation studies. 


TABLE VI 

DEFUflTIOH OF TERMS 

linear energy transfer 

energy /unit length (ergs /cm) 

(The linear rate of loss of energy (locally absorbed) 
by an ionizing particle traversing a material medlim.) 


relative biological efficiency 

(The absorbed dose requirea to produce a given effect 
under gam irradiation divided by the absorbed dose 
required to give the some effect when irradiation Is 
by the particle being studied.) 
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TABLE VI (Continued; 


rad relative absovbed dosage 

cnorgy/unit mass (100 ergs/gm) 

(The amount of energy imparted to matter by Ionizing 
particles per unit mass of irradiated material at the 
place of interest.) 


roentgen cnorgy/unit mass (83.8 ergs/gm or 0.93 rads) 

(The quantity of X, or ganma radiation, whose corpuscular 
emission per 1.293 x 10 -3 go of air (1 cm 3 of standard 
air) produces, in air. Ions carrying one electrostatic 
unit of electricity of either sign.) 

rep rocntgcn-cqulva len t-phys leal 

cnorgy/unit moss (93 ergs/gm) 

(Absorption of 93 ergs/go of body tissue.) 

ran rocntgcn-cquivalcnt-aan 

cncrgy/unic mass 

(The product of the dose in rads and RBE.) 


The effects of secondary radiations should not be overlooked. In 
certain eases, the secondary emissions arc more important than the 
primary radiation itself. 

Energy is lost to a material by an impinging particle by one of 
two means, that is, either by absorptLon (where the energy is dissipated 
by the material as heat) or by scattering (where the energy is lost by a 
diffusing process with the material). 

The secondary reactions j^cur from the interaction of the imping- 
ing clcctror on the exposed material. The individual atoms of the 
material absorb energy, and the orbiting electrons are excited into 
outer shells. The atoms then re rad late this energy in the form of 
electromagnetic radiation. Such a process is known as brcmstrahlung. 

The resulting X-rays which are produced are extremely penetrating, and 
may initiate secondary radiations of their own. 





Brass strahlung, an emission of very high onorgy electromagnetic 
radiation, requires several grams/cm 2 of slilelding to absorb. The 
photons produced also In It la to electron radiations by means of Compton 
scattering. If the photon la properly Incldont upon a loosely bound 
electron In the shielding material. It may impart a portion of Its own 
energy to the electron. The photon also loses cnorgy by tho collision. 
The energy loss la proportional to the change in direction which tho 
photon undergoes. This Is the means by which X-rays aro scattered. 

X-rays are also absorbed by materials. The absorption coefficients 
depend upon the Initial intensity of the X-rays and aro given by 


- I e -^ X 


X - the intensity of the radiation after passing through 
material thickness 

Io - initial photon intensity 

- linear absorption coefficient 

x - thickness of the shielding material. 

Values for are given in Tabic VII for water, altaainua, Iran, 
and lead. 
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For tho purposos of this report, wc will overlook such things as 
pair production which occurs moro in elements of high atomic number, 
since wo do not oxpcct to use those materials as prime shielding. 

The mass absorption coefficient ^ ia found directly from the 
linear absorption coefficient by the relation 


ha 


P 


where p is the material density. 

A further consideration which must be taken into account is the 
2 taring of high energy por tides. From most experimental data only 
■ v-m attenuation is considered, and the particles which arc lost from 
the beam a.*e assumed to have been absorbed. In many cases, the particles 
are dispersed and arc lost to the beam, but must still be considered In 
shielding considerations. 

Presently, vehicle configuration and vehicle material selections 
are made first, and the shielding calculations are then performed 
using these restrictions. For the problems which arc of most concern 
in our primary attempts at manned space flight, this is probably an 
appropriate approach to tha problem. It is to be hoped, however, that 
after wc have passed through this embryonic stage, wc will be able to 
give more consideration to vehicle configuration and material selec- 
tions from a radiation standpoint. For Instance, from a radiation 
point of view, a spacecraft might be better protected if it were 
laminated with a second material rather than the one material. It 
might be found even better to have several layers of different mo ter Lais 
used in the construction of tho vehicle. Still, a third alternative 
would be to construct a heavily shielded area within the confines of a 
lightly shielded vehicle, which personnel could enter In the event of 
a solar flare. 

Uhon one performs a radiation analysis upon objects located 
behind shields of different shapes, one finds that the amount of 
radiation incident upon the test object varies even though the Lnltlal 
ionising Intensity and shield thickness remains constant. Undoubtedly, 
there is an optimum vehicle configuration which would provide maximum 
shielding for any given enclosed volume. 
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Xt has also been found that the amount of radiation acquired by an 
object within a shielded voltm la dependent upon tho location of the 
object. The most desirable situation would bo one In which tho pulia- 
tion was evenly distributed within the enclosed volume. An analysis of 
the radiation environment within a vehicle should consider this factor 
in vehicle configuration studies. 

Finally, It Is obvious from the foregoing discussion that much remains 
to be learned about the effects of radiation on hisssn organs as well as 
the most effective shielding designs. 


VI. CONCLUSIONS 

Future studies should be concentrated on the following: 

1. Studying the solar "surface" to determine the mechanisms 
involved in the solar atmospheric phenomena. 

2. Analysis of the solar flare occurrences during the 
upcoming solar cycle to determine causes of solar flares. 

3. Continued development and perfection of solar flare pre- 
dicting techniques. 

4. Development of the most effective solar flare shield 
which would be compatible with other considerations for 
selection optimum materials to be used In vehicle design. 

Thorough solutions of these suggested points, especially 2 and 4, 
would result In a much more secure space program during tho 1970* a. 
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